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(54) Method for compensating phase impairments in a signal and corresponding receiver 



(57) The present invention relates to a method for 
compensating phase impairments in a digital signal 
comprising symbols (r(k)) received at a receiver, the sig- 
nal being modulated with a modulation having at least 
a phase modulation component, the phase impairments 
being compensated using a feedback loop comprising 
the steps of : 

performing a hard decision (31) on a current re- 
ceived symbol after a first phase correction; 
evaluating a reliability indicator (32) for the current 



received symbol after hard decision (dk); 
evaluating a phase correction term (33) as a prede- 
fined function of a phase difference between the 
current symbol after hard decision (dk) and the cur- 
rent symbol as received at said receiver (r(k)) t said 
predefined function further depending on the relia- 
bility indicator; 

appl^ <ng to a subsequent symbol received at the re- 
ceiver a phase shift (34) equal to said phase cor- 
rection term. 
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Description 

Background of the Invention 

[0001] The present invention relates to a method for 5 
compensating phase impairments in a signal, more par- 
ticularly when the signal is modulated with a modulation 
comprising at least a phase modulation component. 
[0002] A signal modulated with a modulation compris- 
ing a phase modulation component, can be represented 
by following formula: 

s(t) = a(r)cos(<o f + <p(f)) 

[0003] The demodulation of a such signal is per- 
formed by multiplying the received signal at the receiver 
with a cosine signal generated at a local oscillator hav- 
ing the same period <o. This operation enables to recov- 
er the phase <p(r) of the received signal. Having knowl- 
edge of the signal phase and of the used modulation, 
the receiver is able to demodulate the signal. A simple 
hard decision module can be used to associate a mod- 
ulation symbol part of the used modulation constellation 
to a current received symbol. 

[0004] However, due to slight frequency drift at local 
oscillators in the transmitter and in the receiver and due 
to the presence of additive gaussian noise, a residual 
phase error in the received signal generates errors at 
the demodulator. The demodulator is then susceptible 
to associate a wrong modulation symbol to the current 
received symbol. 

[0005] In prior art, some methods where proposed to 
cope with this problem and minimise the demodulation 
errors due to frequency drift and additive gaussian 
noise. Usually, they consist in compensating a phase 
error by applying a phase shift to the signal before de- 
modulation. 

[0006] A first prior art method, the phase error is eval- 
uated in a phase loop with elevation of the phase to the 
power M. M corresponds to the modulation constellation 
size. This method is especially used for MPSK (Mary 
Phase-Shift Keying) modulations. However, this method 
cannot be applied to 16QAM (Quadrature Amplitude 
Modulation) or 64QAM because they are combined 
phase and amplitude modulations. 
[0007] Another method consists in evaluating the 
phase error in a loop with feedback decision as de- 
scribed in figure 1 . An input signal is multiplied with a 
phase error estimation at a multiplier 11 . This signal is 
connected to a signal output and simultaneously sub- 
mitted to a hard decision module 1 2. Hard decision mod- 
ule 12 determines, according to a well-known method, 
the modulation symbol belonging to the used modula- 
tion constellation which corresponds the best to the cur- 
rent symbol after phase correction Preferably, the com- 
plex conjugate number of the selected modulation sym- 
bol is calculated at hard decision module 12. The loop 



for determining the phase error estimation consists in 
multiplying at a multiplier 13 the signal at the output of 
hard decision module 12 with the input signal. 
[0008] In a simple embodiment, the result of this mul- 
tiplication represents the phase error and the corre- 
sponding phase shift is used for correcting the next re- 
ceived symbol at multiplier 11 . 

[0009] In a preferred mode, phase errors computed 
on several previously received symbols are averaged at 
integrator 14 for obtaining a phase correction with re- 
duced variance. 

[0010] This solution presents, nevertheless, the dis- 
advantage not to be optimized for coping with very noisy 
consecutive symbols and to generate in such a situation 
lots of consecutive wrong decisions at the hard decision 
module. 

[0011] A particular object of the present invention is 
to provide a method for evaluating a phase error in a 
signal modulated with a modulation comprising at least 
a phase modulation component minimizing the number 
of wrong decisions especially in very noisy environment. 
[0012] Another object of the invention is to provide a 
receiver for performing this method. 

Summary of the Invention 

[0013] These objects, and others that appear below, 
are achieved by a method for compensating phase im- 
pairments in a signal according to claim 1 and a corre- 
sponding receiver according to claim 7. 
[0014] According to the present invention, a phase 
correction term is evaluated as a predefined function of 
a phase difference between a current symbol after 
phase correction and hard decision and this symbol as 
received at the receiver input. Moreover, this phase dif- 
ference is weighted by an indicator of the reliability of a 
hard decision result on the received symbol. The phase 
difference weighted by its reliability constitutes the error 
correction term and a corresponding phase shift is ap- 
plied to the next symbols. 

[0015] The method according to the present invention 
presents the advantage to give less weight to low relia- 
ble symbols while increasing the weight of more reliable 
symbols. The influence of very noisy symbols in the 
phase correction loop is reduced. This method gives al- 
so a higher resistance to disconnecting in a circuit-ori- 
ented transmission mode or high cell loss rate in a pack- 
et-oriented transmission mode. 

[0016] The method according to the present invention 
presents further the advantage not to require a high 
processing power. 

[0017] In a preferred embodiment of the present in- 
vention, a predefined number of symbols and their cor- 
responding phase correcting terms are combined to 
compute a phase error less subject to sudden radio 
propagation modifications. 

[0018] Further advantageous features of the inven- 
tion are defined in the other dependent claims. 
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Brief Description of the Drawings 

[0019] Other characteristics and advantages of the in- 
vention will appear on reading the following description 
of a preferred embodiment given byway of non-limiting 
illustrations, and from the accompanying drawings, in 
which: 

Figure 1 shows a prior art demodulator using a loop 
with decision feedback; 

Figure 2 represents a receiver performing phase 
impairment compensation according to the present 
invention; 

Figure 3 shows an implementation of the method 
according to the present invention; 
Figure 4 is a diagram showing the performance of 
the method according to the present invention com- 
pared to prior art methods. 

Detailed Description of the Invention 

[0020] Figure 1 has already been described in con- 
nection with prior art. 

[0021] The present invention will be described in the 
framework of a radio communication network. However, 
the present invention can be used in any other type of 
communication networks transporting modulated voice 
or data as a cable network or an optical fiber network. 
The application of the present invention to a radio com- 
munication network as described below should be 
viewed as not restrictive. 

[0022] Figure 2 represents a receiver according to the 
present invention. The receiver comprises a signal input 
2in, a signal output 2out, a module 21 for compensating 
phase impairments. The signal output 2out is preferably 
connected to further not represented receiver modules 
as an equalizer and / or a decoder. The present inven- 
tion concerns only phase compensation module 21 and 
does not depend on further modules present at the re- 
ceiver. 

[0023] Module 21 for compensating phase impair- 
ments comprises a hard decision module 211 , a weight- 
ing module 21 2, a multiplier 21 3, an integration module 
214, and a multiplier 215. 

[0024] Signal input 2in is connected to multiplier 215 
which is connected to signal output 2out. A feedback 
loop consisting in hard decision module 211 connected 
to weighting module 212, itself connected to multiplier 
213 and a integration module 214 is finally connected 
to multiplier 215. 

[0025] A digital signal r(k) enters receiver over signal 
input 2in, a phase shift e - tm ~ Wl is applied to digital signal 
r(k) at multiplier 21 5 (<p eTO/ (fc) is the estimated phase er- 
ror at the instant kTs, where T s is symbol duration). The 
output of multiplier 215 is simultaneously submitted to 
the feedback loop and leaves module 21 at signal output 
2out. 

[0026] The signalc(k) - r<*) forwarded to the 



feedback loop will be processed so as to generate the 
appropriate phase shift to be applied to a next input sig- 
nal r(k+i) at multiplier 21 5. 

[0027] Hard decision module 211 selects a modula- 
s tion symbol dk out of the used modulation constellation 
which corresponds the best to the current received sym- 
bol c(k). For this purpose, the received symbol c(k) is 
compared to the modulation symbols dk of the modula- 
tion constellation. The modulation symbol having the 
10 lowest distance to the received symbol c(k) is selected. 
The distance is preferably an Euclidean distance be- 
tween the points representing the different modulation 
symbols dk on a Cartesian coordinate system and the 
point corresponding to the current received symbol c(k). 
is Preferably, the complex conjugate number of dk, dk*, is 
calculated at hard decision module 211 . 
[0028] Weighting module 21 2 determines a reliability 
indicator of the symbol dk after hard decision. The reli- 
ability indicator is determined according to a predefined 
function. It shall for example depend on the inverse of 
the Euclidean distance between the received symbol c 
(k) and the symbol after hard decision dk on the Carte- 
sian co-ordinate system representing the modulation 
constellation. Preferably, the lowest reliability is ob- 
tained when a symbol before demodulation is at the 
same distance of two hard symbols of the modulation 
constellation. The reliability is preferably a value be- 
tween 0 and 1 . A possible function for the reliability in- 
dicator p£ may be: 

[0029] The result of hard decision module 211, dk*, is 
multiplied by the reliability at weighting module 212 
and multiplied by the input symbol r(k) at multiplier213. 
[0030] The corresponding input symbol r(k) is prefer- 
ably delayed at a delay module 216 by the processing 
time necessary to obtain the output of weighting module 
212. This processing time consists in the time duration 
for performing multiplication at multiplier 215, hard de- 
cision at hard decision module 211 and weighting at 
weighting module 212. 

[0031] In the following, the output of multiplier 213 is 
called weighted phase difference. 
[0032] In a simple embodiment of the present inven- 
tion, the weighted phase difference (also called in the 
present embodiment error correcting term) is directly 
multiplied to the next symbol at multiplier 215. 
[0033] In a preferred embodiment of the present in- 
vention, the error correcting term is obtained by integra- 
tion, at integration module 214, of several phase error 
correction terms obtained for several previously re- 
ceived symbols (r(k-1), r(k-2), r(k-N)). For each one 
of the N previously received symbols, the weighted 
phase difference is stored at shift register 2141 which 
contains the weighted phase differences of the N previ- 
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ous demodulated symbols. Summing module 2142 cal- 
culates the average value of all N weighted phase dif- 
ferences stored in shift register 2141 and generates the 
phase correction term e -'*~ ik> which is multiplied by the 
next input symbol received at multiplier 215. 
[0034] In a preferred embodiment of the present in- 
vention, input symbols r(k) belonging to a preamble are 
submitted to a different processing. This processing is 
preferably used for initialising module 21 for compen- 
sating phase error impairments. 
[0035] A preamble corresponds to a sequence of 
symbols known at the receiver with 100 % reliability at 
the receiver. Then, hard decision followed by weighting 
is not necessary in this case. On the contrary, the ex- 
pected symbol of the preamble is directly multiplied at 
multiplier 21 3 with the corresponding input symbol rk. In 
this case, no delay should be applied at delay module 
216. 

[0036] Moreover, a switch 21 7 should be present be- 
tween weighting module 212 and multiplier 213 to 
choose if the input of multiplier 21 3 should be the output 
of weighting module 212 or a known symbol of the pre- 
amble stored in a predefined memory location. The po- 
sition of switch 217 should be preferably controlled by 
a preamble detection module which is made aware of 
the reception of a preamble. 

[0037] Figure 3 shows a possible implementation of 
the method according to the present invention. The 
steps performed in the feedback loop will be described. 
[0038] Step 31 consists in performing hard decision 
on current received symbol c(k) obtained from a symbol 
r(k) as received at the input of the receiver after a phase 
correction at multiplier 215. The applied phase correc- 
tion depends on a phase error calculated on previous 
symbols. The hard decision consists in selecting a mod- 
ulation symbol dk corresponding the best to received 
symbol c(k). 

[0039] Step 32 consists in evaluating a reliability indi- 
cator of modulation symbol dk after hard decision. 
[0040] Step 33 consists in evaluating a phase correc- 
tion term c -^-<*> as a predefined function of modulation 
symbol dk, reliability indicator and received symbol r(k). 
[0041] Step 34 consists in averaging phase correction 
terms obtained for N previously received symbols. For 
example, N=16 can be used in the framework of a 
1 6QAM while N= 4 or 8 may be used for a QPSK mod- 
ulation. 

[0042] Step 35 consists in multiplying the average 
phase correction termv'"^** evaluated at step 34 with 
a next symbol r(k+1) received at the module for com- 
pensating phase impairments 21 . 
[0043] Figure 4 is a diagram showing performances 
of the method according to the present invention com- 
pared to prior art methods. Forthis purpose, the present 
invention has been tested in a bursted mode context of 
a LMDS system. The diagram represents the number of 
wrong bytes per packet on the x-axis and the cumulated 
probability of this event on the y-axis. 



[0044] A first curve 41 represents performances of 
system without retroactive phase loop where local os- 
cillator are ideal (i.e. free from frequency drift). The 
wrong bytes are only due to gaussian noise. This curve 

5 is used as reference for evaluating the performance of 
system in presence of frequency drift. 
[0045] A second curve 42 represents performances 
of a phase impairment compensation system with a con- 
ventional retroactive phase loop as described in figure 

10 1 in presence of frequency drift. 

[0046] A third curve 43 represents performances of a 
phase impairment compensation system with a retroac- 
tive phase loop according to the present invention in 
presence of frequency drift. 

15 [0047] Forthis purpose, packets having randomly dis- 
tributed frequency and phase offsets, df, have been sub- 
mitted to the phase compensation system. The number 
of wrong bytes per packet has been determined after 
phase error correction. This number of wrong bytes 

20 does not take into account any error correction made 
thanks to an error correcting code but only the wrong 
bytes due to a bad hard decision. 
[0048] For curves 42 and 43, the randomly distributed 
frequency offsets have been chosen in an interval so 

25 that \dfTs\<Ber 4 , Ts being the symbol duration. 

[0049] This diagram shows an improvement of the 
system performance when using the method according 
to the present invention since curve 43 is closer to ref- 
erence curve 41 than curve 42. 

30 [0050] The invention can be used in bursted mode es- 
pecially in the uplink transmission direction of a trans- 
mission network. In this case, the successive packets 
received at a base station are transmitted by different 
terminals and then submitted to different phase errors 

35 due for example to different oscillator drifts at the differ- 
ent termi; lals. It is necessary, in this case, that the base 
station performs a new initialization of the module 21 for 
compensating phase impairment after each received 
packets. The initialization is preferably realized during 

40 the reception of the packet preamble. 

[0051] The invention may also be used with the same 
advantage in a continue (non-bursted) mode where suc- 
cessive packets are issued by the same transmitter. 
This would be the case in the downlink transmission di- 
45 rection where a base station broadcast a data or trans- 
mit a Time division Multiplex to different terminals. In this 
case, no re-initialization between packets is necessary. 



so Claims 

1. Method for compensating phase impairments in a 
digital signal comprising symbols (r(k)) received at 
a receiver, said signal being modulated with a mod- 
55 ulation having at least a phase modulation compo- 
nent, said phase impairments being compensated 
using a feedback loop, said method comprising the 
steps of : 
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3. 



performing a hard decision (31 ) on a current re- 
ceived symbol after a first phase error correc- 
tion; 

evaluating a reliability indicator (32) for said 
current received symbol after hard decision 5 
(dk); 

evaluating a phase correction term (33) as a 
predefined function of a phase difference be- 
tween said current symbol after hard decision 
(dk) and said current symbol as received at said 10 
receiver (r(k)), said predefined function further 
depending on said reliability indicator; 
applying to a subsequent symbol received at 
said receiver a phase shift (35) equal to said 
phase correction term. *5 

Method according to claim 1 , comprising the step 
(34) of applying to a subsequent symbol a phase 
shift obtained as a predefined function of phase cor- 
rection terms obtained for at least two previously 20 
demodulated symbols 

Method according to claim 1 , wherein said phase 
correction term is obtained by multiplying said reli- 
ability indicator with the complex conjugate number 25 
of said current symbol after phase error correction 
and hard decision (dk) and with said current symbol 
as received at said receiver (r(k)). 



modulation symbols for a current received sym- 
bol; 

a weighting module (212) for evaluating a reli- 
ability indicator for said current received sym- 
bol after hard decision (dk); 
a first multiplier (213) for calculating a phase 
correcting term as a function of a phase differ- 
ence between a symbol after hard decision and 
said symbol as received at said receiver and 
weighting said phase difference by said relia- 
bility indicator; 

a second multiplier (215) for applying a phase 
shift equal to said phase correcting term to a 
subsequent received symbol (r(k+1 )). 

Receiver according to claim 7, further comprising 
an integration module (214) for averaging phase 
correcting terms for at least two previously received 
symbol; 

Receiver according to claim 7, further comprising a 
delay module (216) for delaying said current re- 
ceived symbol before submitting it to the input of 
said first multiplier (213), said delay being equal to 
the processing time necessary to obtain said relia- 
bility indicator multiplied by said complex conjugate 
number of said current symbol after phase error cor- 
rection and hard decision (dk) 



4. Method according to claim 3 f further comprising the 
step of delaying said currently received symbol (r 
(k)) by a processing time necessary to obtain said 
reliability indicator multiplied by said complex con- 
jugate number of said current symbol after hard de- 
cision (dk). 



30 10. Receiver according to claim 7, further comprising a 
switch (21 7) for choosing between the output of said 
weighting module (212) and a predefined memory 
as input of said first multiplier (213), said switch 
(217) being controlled by a preamble detection 

55 module. 



Method according to claim 1 , further comprising the 
step of detecting whether said current received 
symbol (r(k)) belongs to a preamble of a data packet 
known at said receiver. 



11. Receiver according to claim 7, adapted to be used 
in a radio communication network. 



40 



6. Method according to claim 5, further comprising the 
step of multiplying the complex conjugate of said 
symbol of the preamble known at the receiver with 
said current symbol as received at said receiver (r 
(k)) if said current received symbol belongs to the 
preamble of a data packet. 



45 



Receiver dedicated to receive a digital signal com- 
prising symbols (r(k)), said signal being modulated 
with a modulation having at least a phase modula- 
tion component, said receiver comprising a module 
(21) for compensating phase impairments in said 
received signal, said module comprising, arranged 
in a feedback loop: 



so 
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a hard decision module (211) for selecting a 
modulation symbol out of a set of predefined 
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